The heart size, as shown in serial roentgenogramis, was determined in the case of 4 young volunteers who were continuously exposed to simulated high altitude over a period of one month. Sufficient adaptation occurred to allow them to remain at progressively higher altitudes up to 22,500 feet. A slight decrease in heart size was observed at all altitudes. This was thought to be due to decreased cardiac filling or smaller stroke volume or both. Doubt is expressed regarding the oft repeated statement that the heart in healthy persons exposed to anoxia readily increases in size. ALTERATION in the size of the heart is regarded as one of the important indicators of the effect of anoxia on the circulatory system. For this reason, determinations of heart size have been made in persons exposed to a wide variety of conditions which have in common the effect of lowering the percentage of oxyhemoglobin in arterial blood. Thus, measurements have been made on persons living at high altitude, on aviators engaged in flying at great heights and on subjects exposed to low oxygen pressures in the laboratory. These studies, however, have not led to the development of a clear concept of the effect of anoxia on heart size. This is due in part to the limited number of observations which have been made, and in part to differences in professional opinion among the observers. Whether some of the differences are more apparent than real can be determined only after careful consideration of the circumstances under which the observations were made. These experimental variables fall into four main groups; namely, (1) individual differences between subjects, (2) variation in degree and duration of the anoxia, (3) environmental factors other than the anoxia, and (4) the methods employed in determining the heart size. School of Aviation Medicine and Researc.l 1U. S. Naval Air Station, Pensacola, Florida.
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HISTORICAL REVIEW
The published reports can be arbitrarily grouped in three main categories, namely, (1) observations on subjects exposed to acute anoxia, (2) observations on fully acclimatized residents at high altitude (chronic anoxia), and (3) observations on persons partially acclimatized to high altitude (varying degrees of adaptation to anoxia).
Acute anoxia. There are conflicting reports oin the effect of acute anoxia on heart size; some ob-servers1' 2 state that the heart may readily dilate, others3-5 that the heart size may increase or decrease, while still others6 7state that there is no change.
The best evidence strongly supports the view that little or no alteration in size occurs. The small alterations observed may be explained all or in part by the variations in degree of filling. The slight enlargement of the heart which has been noted may be due to a compensatory increase in stroke volume in persons making a good adjustment to acute anoxia. The slight decrease in heart size which has been noted is thought to be due to a decrease in stroke volume in persons showing signs of peripheral circulatory failume. Stated differently, the evidence favors the view that primary heart failure leading to cardiac dilatation does not occur when healthy persons are exposed to anoxia but that the slight changes in heart size reflect alterations in the state of the circulation.
Full acclimatization to high altitude. The studies of Miranda and Rotta8 and of Kerwin9 indicate that in the majority of persons, long resident at high altitude, there is some degree of cardiac enlargement which is predominantly right sided.
Partial acclimatization to high altitude. Between the extremes of sudden exposure of persons to acute anoxia or decompression on the one hand, and prolonged residence at great elevations on the other, there is a wide range in degree of adaptation to anoxia or high altitude. Numerous observations are on record of these effects on heart size. Some of these observations are the result of deliberate, planned study while others are merely chance or incidental findings, ofttimes by observers lacking in professional skill and judgment. The results are not always easily evaluated and the material as a whole does not lend itself to concise summarization.
It is remarkable that investigationslo-13 on the effects of flying on heart size have led to the conclusion that in many pilots intermittent exposure to anoxia results in cardiac enlargement. It seems improbable that ascents, however, frequent, would cause cardiac enlargement in healthy persons. The cardiovascular adjustments at moderate altitudes do not throw a great burden on the heart when the individual is at rest and the direct effect of anoxia on the heart muscle is, in all probability, not very great. Factors other than flying need to be rigidly controlled; the suggestion of Gomez'4 that slight cardiac enlargement may be observed in all military personnel under training is pertinent.
There are a number of references to be found on the effect of limited sojourns at high altitude on heart size. In the case of mountaineers or soldiers whose amount of physical work was great, Sommerwell,'5 Hingston,'1 and Kaufmann and _Meyer17 all found marked increases in heart size in persons under their observation. These observations were made using the l)ercussion method and, often, under the rigorous conditions which prevail in a tent or on the mountainside. Under these circumstances, not only are precise measurements difficult, but also the observers themselves are hampered by oxygen lack.
Measurements of heart size have also been made on temporary residents at high altitude who did not engage in heavy work. Barcroft"s measured the heart size from radiograms taken on a members of his Andean expedition in 1921-22. A comparison of the measurements made from radiograms taken at sea level, within two hours after arrival at Oroya (12, 178 ft.) and after two and three weeks, residence at Cerro de Pasco (14, 208 feet) showed that at no time was there an increase in heart size at high altitude. In 3 members there was a slight but definite decrease; one member showed a probable slight decrease and one other no change in heart size. Talbott and Dill'9 made observations on healthy persons living at the extremely high altitude of 17,500 feet. The length of residence at high altitude varied from two to fourteen years. These observers found that the heart size, as determined by percussion, was not increased above normal. The limitations of their method were recognize(1. Gomez14 measured the transverse diameter of the heart by means of teleroentgenograms in 480 civilian inhabitants of Bogotai, which is 8,016 feet above sea level. Some of his subjects were natives, the others had resided at high altitude for periods ranging from (lays to years. His findings were similar to the standards established by Ungerleider and Clark,' for persons living at sea level.
From the observations just presented it is apparent that much more work remains to be done before final conclusions can be drawn with regard to the effect of altitude on heart size in partially acclimatized individuals. Some of the evidence suggests that in the very early stages there is a slight decrease in heart size, at least in persons not undertaking heavy physical work. The observations by mountaineers that the heart enlarges to a marked degree in men loing hard work at high altitude are of doubtful accuracy. There is reliable evidence that persons may reside at moderately high altitudes for varying periods of time without demonstrable cardiac enlargement. However, during some period in the process of full acclimatization, enlargement must result in view of the findings that lifelong dwellers at high altitude have large hearts.
EXPERIMENTAL PROCEDURE
Our experiment was carried out on 4 healthy men, aged 19 to 27 years, who lived in a decompression chamber continuously for thirty-five days. After a three day control period at sea level, the atmospheric pressure within the chamber was reduced to simulate an ascent to high altitude.* The daily change in altitude is shown in chart 1. Below 15,000 feet, all increases in altitude were made at the rate of 1,OOC feet a minute, but above 15,000 feet, the rate was reduced to 250 feet an hour. During the fourth week the subjects were able to remain at 22,500 feet but were more comfortable 1 ,500 feet lower. Toward the end of the experiment the subjects were taken to 29,0G0 feet without supplementary oxygen, and to 50,000 feet when breathing 100 per cent oxygen.
The environmental factors in addition to decompression were carefully controlled and * Hereafter the word altitude xrill he used instead of simulated altitude for simplicity of expression.
recorded. Temperature within the chamber was maintained between 65 and 75 F. Regular exercise on a stationary bicycle was encouraged; one subject (McN) averaged 250,000 foot pounds of work daily but the other 3 did much less. The men were given their choice of food. Three of the subjects smoked in moderation; one subject (M) prior to his entering the chamber.
All teleroentgenograms within the chamber were made with a 30-milliampere portable apparatus. All of the films were taken by the same operator, using similar technic on each occasion. The subjects stood facing away from CHART 1.-Simulated altitudes to which subjects were exposed DAY OF ASCENT the fourth (McN) abstained. The reader may refer to previous reports for details of experimental procedure.21
Two series of teleroentgenograms were made, one within and one without the decompression chamber. The latter series was made at the U. S. Naval Hospital, Pensacola, and consisted of teleroentgenograms of the chest taken both before and after the subjects were decompressed, a single exception to this was the omission of the x-ray examination in the case of the x-ray tube at a target distance of 6 feet. The film was exposed for one-half second while the subject held his breath after full inspiration. One or more teleroentgenograms were made at sea level and on eight representative experimental days.
Measurements of the cardiac shadow were made on every teleroentgenogram obtained from 3 subjects. In the case of one subject (H) no measurements were made because the right border of the heart shadow was obscured by the shadow of the spine. The measurements be made. The changes in the long and broad were based on the procedure recommended by diameters paralleled the changes in transverse Ungerleider and Clark20 and Ungerleider and diameter but there were exceptions to this. Gubner. 22 The very slight amount of rotation of the Table 1 summarizes the data obtained from the teleroentgenograms. In analysing the results, chief reliance was placed on the transverse diameter measurements because of the exactness with which this measurement could thorax from the true postero-anterior position did not appear to be important. In general, the results are consistent in showing that the heart shadow decreased slightly in size while the subjects were exposed to reduced atmospheric pressures. With a single exception (M, July 8) the transverse cardiac diameter, the most reliable measurement, was always smaller in the teleroentgenograms made at high altitudes than in those made at sea level. It is further to be noted that there was no consistent decrease in size of the heart shadow in relation to increasing altitude, although individual exceptions to this will be pointed out below.
In the case of Subject McN the measurements of heart shadow taken from the four films obtained at sea level showed little variation despite the fact that the position of the diaphragm differed considerably. There was a tendency for the heart shadow to become progressively smaller with increasing altitude up chamber, with the one made at the hospital after the experiment was over, showed fairly good agreement. This agreement was good for the transverse diameter, fair for the long diameter, but poor for the broad diameter. At 12,000 feet the size of the heart shadow was about the same as the average at sea level. At 18,000 feet the heart shadow was slightly smaller (fig. 2, a) and thereafter the changes were probably insignificant until the return was made to sea level. At the time of ascent from 20,000 to 24,000 feet there was a very slight increase in the size of the heart shadow ( fig. 2, b ) but not exceeding that at sea level. figure 1 , a. Thereafter, the changes were insignificant until the last experimental day when the subject ascended from 20,000 to 24,000 feet. The transverse cardiac diameter in the film obtained at 24,000 feet ( fig. 1, b) was greater than it was in any other film obtained at high altitude, although it was still smaller than any of the comparable measurements made from films obtained at sea level.
In the case of Subject M, only one teleroentgenogram was obtained at sea level prior to ascent in the chamber because he was a lastminute substitute for another subject. A comparison of this film, which was made in the There were four films taken at sea level on the third subject, W. The measurements of the heart shadow were similar in all four but the agreement was even closer if the radiograms made in the hospital and in the decompression chamber were separately compared.
With increasing altitude there was a progressive decrease in transverse diameter up to the altitude of 21,000 feet. Three days later, at 22,500 feet, the transverse diameter was slightly greater again; the cardiac silhouette at this time is shown in figure 3, b. It should be noted that the changes in the long and broad diameters were smaller than in the transverse diameter.
Although exact measurements were not made in the case of the fourth subject, the teleroentgenograms were carefully reviewed. Inasmuch fairly good evidence for concluding that the heart shadow at least did not increase appreciably in size. as a slight increase in the projection of the heart shadow to the right of the midline would have allowed the right border of the heart to become visible, it may be assumed that such an increase did not occur. Thus, there was DISCUSSION There is no doubt that the heart shadow, as revealed in serial teleroentgenograms, was smaller when the subjects of our experiment were at simulated high altitudes as compared with sea level. This decrease in size was slight but it was too consistent to be explained by chance. There was only a slight tendency for these changes in heart shadow size to follow a pattern. This may be partly explained by the fact that the changes were small and also by the fact that the effects of increasing altitude were offset by acclimatization or adaptation.
The next question requiring consideration is whether the observed decrease in heart shadow size indicated an actual or only an apparent decrease in heart size. The following reasons are given in support of the opinion that the heart in our subjects w-as actually smaller at high altitude. First, the extent of the decrease in heart shadowsize in some instances could not easily be explained on the basis of testretest reliability of the procedure or on the basis of alteration in shape and position of the heart. Second, with regard to the position of the subject, there was never more than slight rotation of the thorax with reference to the direction of the roentgen rays. In the case of Subject W (table 1) it w-as possible to compare left and right rotation and in both instances the heart shadow size at altitude was smaller than at sea level. Even if all films show-ing rotation w-ere discarded, the results would not be different. Third, changes in the level of the diaphragm cannot adequately account for the decreases in the heart shadow size observed.
The variations in the level of the diaphragm in our subjects were no greater at altitude than at sea level. Moreover, inasmuch as our subjects w-ere not rapidly decompressed the expansion of intestinal gases with its effect on the diaphragm and position of the heart was not a factor.
Assuming, then, that an actual decrease in the size of the heart occurred, how is it to be explained? Our data do not bear directly on this question; indeed, it would be difficult, if not impossible, to give a definitive answer to this question from the results of experiments on man. The decrease in heart size might have been due to a direct effect of anoxia on the myocardium or secondary to changes in the peripheral circulation.
It should be mentioned in this regard that otur subjects were standing while the teleroent-genograms were being made and this may hav e been an important additional factor. Circulatory changes induced simply by a shift from the recumbent to the upright position may be sufficient to cause a measurable decrease in heart size. 23 We have observed even greater decrease in healthy subjects in whom peripheral circulatory failure w-as induced by nitroglycerine.2
In relating one's findings to those of other workers, it is always necessary to bear in mind whatever differences existed in experimental procedure. Thus our results may be compared in only a limited way with the results of most experiments on acute anoxia. However, insofar as a comparison is allowable, our findings are in general accord with those of other investigators who found no increase in heart size when healthy subjects were decompressed. Our subjects were exposed to decreased oxygen pressure for a much longer period of time than were many of the aviators referred to above, who were considered to have developed cardiac enlargement as the result of exposure to anoxia. Although these findings cannot be directly compared because of the fact that, in the case of the aviators, the exposures were intermittent over a relatively long time, yet our findings tend to cast some doubt on the statement that moderate anoxia can so readily cause an increase in heart size.
Our findings are in agreement with those of Barcroft,'8 mentioned above, who found a slight decrease in heart size in 4 out of 5 members of his expedition while they resided at high altitude. The amount of work our subjects performed in the decompression chamber was probably less than the exertions performed by members of Barcroft's party. A possible exception was Subject McN who did 250,000 foot pounds of work a day, the equivalent of climbing 1,900 feet.
Because of the limited amount of exercise performed by our subjects the strain on their hearts was much less than that incurred by mountaineers and by many residents at high altitude. Hence, our results cannot be compared w-ith the observations made under these Circumstances. SUMMARY AND CONCLUSIONS 1. Four healthy young men were partially acclimatized over a period of one month to simulated high altitude in a decompression chamber. During the fourth week the subjects were able to remain at 22,500 feet and on occasion were taken to higher altitudes for short periods.
2. The size of the heart shadow, as revealed in teleroentgenograms, was determined at frequent intervals. Measurements of the films of one subject were not made because the right border of the heart was obscured by the shadow of the spine. 3. The results indicate that the heart shadow decreased sliglhtly in size when the subjects were exposed to reduced atmospheric pressures.
4. There is little reason to doubt but that this decrease in heart shadow size indicated an actual rather than simply an apparent decrease in heart size.
5. Although our data do not directly bear on the cause of the decrease in heart size, it is believed to be due to decreased cardiac filling or smaller stroke volume or both. 6 . It is concluded that during an early stage of acclimatization to severe anoxia under the conditions of our experiment, dilatation of the heart does not occur, but rather the heart may decrease slightly in size. 7 . Some of the pertinent literature is reviewed and may be summarized under the following three headings: (a) With regard to the effect of acute anoxia on heart size, the evidence suggests that slight, if any, change occurs in healthy subjects up to the point of collapse. The reports stating that marked cardiac dilatation may occur are open to criticism; unfortunately, some of these are widely quoted in the medical literature. (b) With regard to full acclimatization, there is evidence that lifelong residents at high altitude have larger hearts than residents at sea level. (c) With regard to adaptation to anoxia or partial acclimatization to high altitude, the evidence is incomplete. The reports that aviators develop cardiac enlargement following repeated short exposures to high altitude are open to serious doubt. The observation that mountain climbers may develop marked cardiac enlargement has never been confirmed by properly trained investigators. The evidence suggests that often in the early stages of acclimatization the heart may decrease slightly in size. There is evidence also that even in persons residing for relatively long periods at high altitude, the heart does not enlarge.
